Accurate nonlinear material models must include both material and damage related nonlinearities. Even at the specimen level macromechanical boundary conditions and specimen geometry can significantly affect the measured response. In this study two experimental techniques for determining shear stress strain response are compared and a micromechanical finite element analysis is used to determine the effect of failure theory on predicted nonlinear response.
Various test methods exist to determine the in-plane shear response of composite materials. Each method evokes a different combination of the mechanisms responsible for composite nonlinear behavior which include material nonlinearities, micromechanical damage and interfacial integrity [1] . Even variations in specimen geometry for the same test method have been shown to significantly effect inplane shear response [2] . The authors work uses both experimental and finite element analysis techniques to study the interplay of the multiple nonlinear mechanisms, and their effect on the nonlinear in-plane shear response of composite materials.
Finite element analyses using WY02D [3] are performed at the fiber-matrix level to estimate the material response to shear loading. WY02D, a finite element analysis program specifically tailored for micromechanics, incorporates both polymeric matrix material nonlinearities and damage related nonlinearities. The latter is achieved by evaluating individual element stresses with various failure criteria at each load step within the analysis. If the failure criteria is exceeded in an element, the element stiffness drops to near zero and stresses are redistributed within the model. Two types of in-plane shear tests, the ±45 0 Tension Test (ASTM D3518) and the Iosipescu Test Method [4] are conducted to verify the assumptions and failure criteria used in the finite element models. Separate specimens of each configuration are loaded to strain levels ranging from 15000 microstrain to 27000 microstrain in 2000 microstrain increments. Once unloaded, the specimens are immersed in a dye penetrant solution of zinc iodide for 24 hours. X-rays of the specimens following immersion show the extent of matrix cracking parallel to the fiber directions at each strain level.
Representative X-rays of carbon/epoxy (AS4/3501-6) [±4512s specimens taken to 15000, 17000 and 25000 microstrain are shown in Figure 1 . These X-rays indicate that the onset of matrix failure occurs at approximately 17000 microstrain, and that extensive matrix failure has occurred by 25000 microstrain. Two forms of the predicted micromechanical shear stressstrain response are plotted in Figure 2 . The first includes material nonlinear effects, and the second reflects both material and damage related nonlinearities. For the latter, the octahedral shear stress failure criterion is used and the predicted onset of damage occurs at 17500 microstrain. This prediction of initial damage corresponds well with the observed experimental response. More detailed comparisons between theoretical and experimental ( Figure 3 ) stress strain response must include combined stress states that result from specimen complexities. These complexities are not detailed here but are being addressed in this work.
Comparisons of the measured loading and unloading responses for specimens from the two shear test methods are shown in Figure 3 . This figure indicates significant differences in the measured stress-strain response for these two test methods. X-rays of the [±4512s specimens show extensive cracking at higher strain levels which corresponds to the flattening of the [±4512s curve in Figure 3 . X-ray studies of the Iosipescu test specimens show no sign of microcracking prior to 25000 microstrain. It is hypothesized that this difference is due to the varying states of stress in the test section of these two test methods. Theoretical and experimental studies of the Iosipescu test specimen are continuing to verify this conclusion.
Efforts continue in this program to use the observed theoretical and experimental information to construct accurate nonlinear models for the inplane shear response of carbon/epoxy composites. Longer term goals are to extend the same techniques to explain and model the out-of-plane nonlinear shear response of carbon/epoxy composites.
PREDICTED IN-PLANE SHEAR BEHAVIOR
AS4/3501-6 3 In-plane shear behavior of AS4/3501-6 using two test methods showing the marked differences in the loading and unloading behavior measured by each method.
